E LUMO , which correlates to the conduction-band energy level, was calculated using E LUMO =eE red +4.5 V 1 (on NHE).However, from SCE to NHE, E LUMO is +0.25 V 2 , so E LUMO =eE red +4.75 V. The valence-band energy level was also calculated from the onset oxidation potential, E HOMO = eE ox + 4.75 V, and the energy gap is defined as E g = E LUMO -E HOMO . From these calculations, the E CB = -4.39 eV, and E VB = -5.91 eV. For RhB, E LUMO = -3.50 eV, and E HOMO = -5.50 eV 1 .
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overnight at a density of 1×10 4 cells per well for 24 h. The culture medium was then removed, the GQD-Mn 3 O 4 solution was added into each well with increasing concentration from 0 to 800 μg mL -1 and incubated for 24 h before replacing the medium with 200 mL of fresh complete medium containing 20 mL of MTT (5 mg/mL in PBS).
The plate was incubated for another 4 h before all medium was removed and 150 mL/well of DMSO was added, followed by shaking for 15 min. The absorbance of each well was measured at 570 nm using an Enzyme-linked Immunosorbent Assay (ELISA) reader with pure DMSO as a blank. Non-treated cells were used as a control and the relative cell viability (mean%×SD, n=3) was expressed as Abssample/Abscontrol×100%.
Calculation of Raman enhancement factor (EF)
The EF was calculated by comparing the intensity of the surface-enhanced Raman signals (I surf ) with that of the aqueous RhB solution (I Nsurf ). 3, 4 EF = (I surf / I Nsurf )(N Nsurf /N surf ) N surf represents the number of RhB molecules that contribute to the SERS obtained from the active substrate, and N Nsurf represents the number of moleculesthat contribute to the Raman signal obtained in the RhB aqueous solution. The spot size of the laser is 1 µm and the penetration depth is ∼2 µm. In this calculation, we assume that the surface of the active substrate is fully covered by a closely packed monolayer of RhB molecules (corresponding to maximum coverage). Using this coverage assumption, the estimated EF is the lowest possible value (lower coverage would lead to a higher estimation of the EF).Each EF is calculated referring to the nearest peak of the Raman spectrum obtained in RhB aqueous solution for maximum EF.
The calculation of the contribution of photo-induced charge transfer (CT) to the molecule polarization tensor in the semiconductor-molecule system
The Herzberg-Teller theory indicates that the contribution of photo-induced charge transfer (CT) to the molecular polarizability tensor in the semiconductor can be calculated. This is similar to the calculation for a semiconductor-molecule system reported by Lombardi, Wang and Zhao. [4] [5] [6] [7] [8] The intensity of a Raman transition may be obtained from the molecular S3 polarizability tensor by the expression:
I L is the incident laser intensity at ω 0 . ω IF can be shown to be the proportional to the
, where ω and ω I'I is a molecular transition frequency between the states I and I' (presumably two different vibronic levels of the ground state I e ), respectively.
Because the GQDs have EM enhancement properties, the plasmon resonance in SERS should be considered. The I L can be expressed as a function of the complex dielectric function ε(ω) = ε 1 + iε 2 , and the dielectric constant ε 0 as follows:
Thus the expression for the polarizability tensor by second-order perturbation theory in the molecule-semiconductor system may be written as:
Where S represents all the other states of the molecule, µ is the dipole moment operatorand the subscripts ρ and σ represent the three directions in space (X, Y, Z). Using the zero-order Born-Oppenheimer approximation, all the states (I, I', S) can be written as a product of the electronic and vibrational wave functions as follows:
Where the subscript e indicates purely electronic states and lowercase letters represent vibrational functions. The Herzberg-Teller theory states that even small vibrations may cause mixing of zero-order Born-Oppenheimer states, allowing us to describe the semiconductor-molecule system as:
Where zero refer to zero-order Born-Oppenheimer states, and H eN is the electron nuclear attraction term in the Hamiltonian, evaluated at the equilibrium nuclear positions (0).Q is the displacement of the nuclei for a normal mode of the molecule-semiconductor system and includes molecular normal modes as well as phonon modes of the semiconductor. R runs over all states of the molecule-semiconductor system. For the purely electronic transition moment between states, we write: The A-terms are:
For the A-terms, only one other resonance is obtained-either the molecular-HOMO to conduction-band edge CT (at ω =ω CT ) or the valence-band edge tomolecular LUMO CT (at ω = ω VK ).
The B-terms are:
Where, B represents the contribution of photo-induced charge transfer from the molecular HOMO to semiconductor conduction band edge transitions (at ω = ω IC ).
The C-terms are:
C represents the contribution of photo-induced charge transfer of the semiconductor-tomolecule from the valence-band edge to molecular LUMO transitions (at ω = ω VK ). This is illustrated in Figure S13 . Table S2 SERS substrate comparisons (data from references 3, 4, 8, [12] [13] [14] [15] [16] [17] [18] [19] 
